amount of waste in oil used in the kitchen of the campus restaurant at Kobe-Gakuin University (private correspondence). Experimental oils, thus obtained, were allowed to stand at a room temperature for a day to precipitate solid materials, and each supernatant was employed for an animal experiment. Sugar in oil became a tar-like oily black substance with heating and floated on the surface, so it was removed.
Diets
A commercial pelleted diet, AIN93G and a powdered AIN93G diet without fat were purchased from Japan Clea, Tokyo. Using a blender (Kenmix Major, Aikoh, Saitama, Japan), the latter was mixed uniformly with 7 wt% experimental oils or fresh oil. The five kinds of diets, thus prepared, were divided into 12 portions (1120 g/portion) for the 12-week experiment, packed in plastic bags, and sealed under nitrogen flow. The diets were then sterilized by radiant rays within their bags and kept in a refrigerator until use. Fresh diet was provided daily. Bags opened for administration were kept in a refrigerator. Unused diet in the opened bag was discarded after the seventh administration.
Chemical analyses
Methods for chemical analyses of oil were the same as in our previous papers [7] [8] [9] . The fatty acid compositions of the fresh oil analyzed as previously 7) were as follows: myristic acid 0.1%; palmitic acid 8.4%; palmitoleic acid 0.1%; stearic acid 3.3%; oleic acid 38.2%; linoleic acid 39.2%; a-linolenic acid 6.5%; eicosenoic acid 0.6%; and others 3.6%.
2
Male Wistar rats aged 9 weeks were obtained from Japan SLC, Inc., Shizuoka, Japan, and were housed separately in wire cages at 24 2 and humidity 50 10%, with light from 7:00 to 19:00 at Japan SLC, Inc., Animal Experiment Center, Shizuoka, Japan. Animal care and handling were in accordance with the Ethical Agreement Concerning Care and Use of Laboratory Animals for Research and Education, Kobe-Gakuin University.
3
Forty animals were maintained on AIN93G for 1 week of adaptation; animals were then divided into five groups (8 rats/group) by the Statlight System, Yukm, Tokyo, Japan so as to make average body weights similar and minimize standard deviation in body weight. Four groups were fed a diet containing 7 wt% experimental oils, respectively, and the last group was fed a diet containing 7 wt% fresh oil. All animals were allowed feed and water ad libitum throughout the experiment. Body weight and the amount of feed ingested were determined weekly for 12 weeks. After a fasting period of 18 h, rats were anesthetized with pentobarbital. Serum was obtained from blood drawn from the abdominal aorta using conventional methods. Livers, kidneys, and adipose tissue were excised, rinsed with cold saline, weighed, and examined microscopically.
4
Concentrations of insulin, and serum triacylglycerol and cholesterol (a high-sensitivity lipoprotein profiling system, Lipo Search) were determined by Skylight Biotech Inc., Japan. Determinations of glucose, free fatty acids, and phospholipids were made with Glucose CII-test Wako, NEFA C-test Wako, and Phospholipid C-test Wako (Wako Pure Chemical Industries, Osaka, Japan), respectively. Activities of AST and ALT were assayed with Autosera S AST and Autosera S ALT (Daiichi-Kagaku-Yakuhin Co. Ltd., Tokyo, Japan), respectively.
5
Fixed liver and kidneys were embedded with paraffin, and microscopic specimens were sliced, then subjected to hematoxylin and eosin stain according to conventional methods. Histological evaluation was made at a magnification of 100 and 400 according to circumstances.
6
All the values obtained from animals are revealed as mean SD. Data from 8 animals each for experimental and control groups were analyzed using Student's t-test for unpaired observations and results were considered significant at p < 0.05.
RESULTS

1
As shown in , the four experimental oils contained about 20% polar compounds (PC): (oil + sugar) was slightly low and (oil + wheat starch), slightly high. (Oil + amino acids) had a high Gardner color score due to the amino-carbonyl reaction, as reported previously, [10] [11] [12] and (oil + sugar) and (oil + wheat starch) had a color similar to that of oil heated at 180 for 20 h without additives 10) . Carbonyl values (COV) of experimental oils were in the thirties, higher than that of recovered oil (COV about 10). Peroxide values (POV) of the oils exceeded 60 mEq/kg, higher than that of recovered oil (POV about 30 mEq/kg). Acid values (AV) and triacylglycerol contents (TG) of the oils were lower than those of recovered oil (AV about 2, TG 90-93%) because neither water nor fresh oil was introduced to the oil intermittently during heating.
2
Rats did not exhibit diarrhea, seborrhea, dermatitis, or excessive hair loss after the administration of any diet containing the experimental oils described above. The amount of food ingested did not differ among groups and gradually decreased with slowdown of body weight increase. The body weights of all the groups increased similarly and reached 360-375 g at 12 weeks of experiment.
The weights of organs excised are shown in . No difference in the weight of kidneys was detected between groups. However, the sugar group had significantly heavier livers and significantly lighter retroperitoneal fat than the control group did.
3
As shows, serum glucose level was significantly higher and triacylglycerol level significantly lower in the sugar group than in the control group. The wheat starch group had significantly reduced glucose and cholesterol levels. The amino acid group showed significantly reduced triacylglycerol level. On the other hand, the gluten group did not have any values significantly different from those of
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J. Oleo Sci. 56, (10) 543-551 (2007) the control group and revealed the closest numbers of all to those of the control group except for levels of free fatty acids, AST, and ALT. There was no statistically significant difference between groups in phospholipid, free fatty acid, and insulin levels. AST and ALT were higher in the experimental groups, although not to a significant extent; AST and ALT increased significantly when Wistar rats were fed a diet containing heated frying oil recovered from food-manufacturing companies after use, under the same conditions employed in this study 9) . The distribution of triacylglycerol and cholesterol in each lipoprotein is shown in . The low total triacylglycerol level of the experimental group was attributed mainly to a low level of triacylglycerol in VLDL, with smaller contributions from triacylglycerol in LDL, although the percentage in each lipoprotein was not much changed. The low total cholesterol level of the experimental group was due to decreases in HDL, LDL, and VLDL. Percentage increases or decreases of 1-3% in HDL, LDL, and VLDL were observed.
4
Examination of the livers and kidneys revealed dark red patches, probably due to dotted bleeding, on the surface of the livers, particularly from the amino acids, sugar, and wheat starch groups, suggesting degeneration of inner tissues ( ). A control rat and a rat in the gluten group also had patches, but their numbers were relatively small.
shows results of visual examination of liver and kidneys and serum levels of AST, and ALT for individual rats. The large numbers of patches and the histological changes correlated well with high levels of AST and ALT. As shown in , AST and ALT for the wheat starch group had high averages with big standard deviations, respectively. The deviation was due to big variation of the values in the group. If heated starch was positively related to the high AST and ALT, this is worrisome findings because oil contacts often and longer hours with a large amount of starch during deep-frying. It can also be suggested that wheat starch, as sugar and amino acids, could not inhibit the toxic effects of thermally deteriorated frying oil on organs.
No differences in color and size were observed in the kidneys of experimental vs. control rats, and no patches were observed in any group.
5
Histological evaluation of the livers ( ) showed frequent necrosis and bleeding in the amino acids, sugar, and wheat starch groups. In the kidneys, frequent bleeding was seen in the sugar group. Degeneration and damage, such as adhesion and narrow space between the glomerulus and Bowman's capsule, were also observed, especially in the kidneys of the sugar and amino acid groups. This was due to swelling of the tubule and shrinking of the Bowman's capsule. In addition, inner space in the tubule became turbid and blocked, the tubular epithelium swelled, tubules adhered to each other, necrosis occurred with disappearance of nuclei, and the glomerulus was congested more strongly with blood. Hyaline droplets (eosin droplets) and fatty droplets were seen in the inner space of the tubule and in the tubular epithelium. These observations were very similar to those made in our previous paper 9) , which shows actual histological pictures of livers and kidneys.
DISCUSSION
The serum triacylglycerol levels in amino acid and sugar groups were significantly lower, and in wheat starch and gluten groups, insignificantly lower than in the control group. Eder et al. 13) reported that when male SpragueDawley rats weighing 51 g were fed a diet containing 10% thermally treated soybean oil for 40 days, feeding oxidized soybean oil slightly, but significantly, lowered activities of fatty acid synthase, acetyl CoA-carboxylase, and ATP citrate lyase compared to feeding fresh soybean oil, followed
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To investigate the effect of a dietary oxidized fat on the concentrations of cholesterol in plasma and lipoproteins, Eder et al. 14) fed male guinea pigs weighing 218 g a diet containing 10% oxidized fat (sunflower oil and lard 1:1, w/w) for 29 days and found a significantly lower concentration of total cholesterol in LDL than in control animals fed the fresh fat. The wheat starch group in the present study showed a low cholesterol level attributed to low levels of cholesterol in HDL and VLDL.
shows indexes for the experimental groups calculated with each hematological average value ( ) of the control group as 1. If each value is assumed to be equally influential to health, effects in the gluten and sugar groups were close to those of controls, as their distribution was narrow and close to 1. Averages SD for the amino acid, gluten, sugar, and wheat starch groups were 0.94 0.34, 1.02 0.24, 0.95 0.22, and 0.98 0.51, respectively. The sugar group had significantly different levels of serum glucose and triacylglycerol ( ), while the gluten group had no values significantly different from those of controls, and all the values except FFA and AST/ALT were almost 1. When the results of histological observations ( ) were included, the gluten group was least influenced by thermally deteriorated oil. It seems that the toxicity of heated oil was weakened most by gluten. Amino acids not only generated color materials [10] [11] [12] but was also useless for reduction of toxic effects of thermally deteriorated oil.
Lopez-Varela et al. 15) reported changes in food intake, weights of body and liver, hepatosomatic index, and other measures in growing male Wistar rats fed for 27 days a diet containing 15% sunflower oil (PC 19.1%) used repeatedly for frying. Although food intake was similar in the experimental and control groups, final body weight, body weight gain, and food efficiency ratio were significantly lower in the experimental group. These authors suggested that the increase of the hepatosomatic index in the experimental rats was related to a higher ingestion of potentially toxic components (dimers and polymers of triglycerides and oxidized triglycerides) by the rats. Soriguer et al. 16) reported that the risk of hypertension was positively and independently associated with the intake of cooking oil polar compounds. Then, it is conjectured that gluten reacted with the toxic components to eliminate the toxicity, or that heated gluten dissolved in oil or gluten-oil complex inhibited the absorption of the components in the small intestine.
To our knowledge, there are not many published reports regarding formation of complexes from protein/amino acids and oxidized oil at a high temperature [10] [11] [12] . However, there are papers on the reaction at ambient temperature 17, 18) or in vivo. Uchida et al. reported in their series of studies [19] [20] [21] that both histidine and lysine are nucleophilic amino acids and therefore vulnerable to modification by lipid peroxidation-derived electrophiles, such as 2-alkenals, 4-hydroxy-2-alkenals, and ketoaldehydes, derived from lipid peroxidation. In addition, they identified N e -azelayllysine as a carboxyalkylamide-type novel lysine adduct in the reaction of linoleic acid hydroperoxides with the lysine derivative 22) . Bifunctional, most often alpha, beta-unsaturated carbonyl compounds such as 4-hydroxy-2-nonenal, 4-oxo-2-nonenal, and acrolein, generated from oxidation of polyunsaturated fatty acids, readily bind to protein nucleophiles. Modification by bifunctional aldehydes can also
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J. Oleo Sci. 56, (10) 543-551 (2007) lead to intramolecular or intermolecular protein crosslinking 23) . Refsgaard et al. 24) revealed that metal-catalyzed oxidation of polyunsaturated fatty acids can contribute to the generation of protein carbonyls by direct interaction of lipid oxidation products (alpha, beta-unsaturated aldehydes) with lysine residues (Michael addition reactions) and also by interactions with alkoxyl radicals obtained by Fe(II) cleavage of lipid hydroperoxides. In addition, saturated aldehydes derived from the polyunsaturated fatty acids likely react with lysine residues to form Schiff base adducts. Thus, protein may react with carbonyls and peroxides generated in heated frying oil. Most of toxicity of thermally oxidized oil seems to be weakened by formation of complexes from oxidized oil and protein.
In conclusion, rats fed a diet containing oil heated with gluten showed little change in serum levels of glucose, triacylglycerol, phospholipids, cholesterol, and insulin, and increases of AST/ALT were small. Also in histological evaluation, the least influence was observed in this group. Thus, our results reveal that toxicity of thermally deteriorated frying oil is almost inhibited by gluten.
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